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Summary
This report addresses Army tactical requirements for weather and environmental data elements and meteorological forecasts, based upon 30 years of evolving, official weather support requirements that have been stated and validated by all Army proponent Training and Doctrine Command (TRADOC) centers and schools. The TRADOC centers and schools have identified requirements for over 80 atmospheric (meteorological), state-of-the-ground (terrain), state-ofthe-sea (oceanographic), and space weather data elements, including data accuracy requirements and critical threshold values and impacts.
This report attempts to establish the meteorological forecast temporal and spatial (horizontal and vertical) resolutions and domains necessary to satisfy the Army's weather and environmental requirements. Temporal and spatial resolutions and scales of meteorological forecast models are suggested for supporting both current Army echelons (from echelons above corps (EAC) down to squads) and future Army modular force (MF) structure and unit designations. Results indicate that approximately 80% of the Army's tactical weather requirements fall within the mesoscale time and space scales, 10% fall within the synoptic scale, and 10% come under the microscale domains.
Introduction
Army 
Army Weather and Environmental Data Requirements
This report concerns the tactical weather and environmental requirements for the branches of the Army (e.g., Aviation, Corps of Engineers, Field Artillery, Infantry, etc.) and recommended (derived) tactical weather forecast requirements for Army echelons. Only tactical level requirements are represented, the strategic (national and theater) and operational level requirements are not addressed in this study. The TRADOC centers and schools have stated and validated their tactical weather and environmental requirements in the following terms only:
• the essential and desired data elements required
• the data element accuracy required
• the data element frequency required
• the forecast period required
• the forecast update frequency required
• the greatest, estimated distance forward of operating bases that weather and environmental information is required to support operations and systems in a 24-hr period on the battlefield
• the maximum altitude above mean sea level (MSL) Two significant aspects of these requirements are that the Army has no stated/validated requirements for meteorological forecast temporal and spatial (horizontal and vertical) resolution and no stated/validated requirements with respect to Army levels of command (i.e., echelons). Therefore, this report aims at establishing recommended requirements for these two important aspects of Army tactical weather support.
The Army TRADOC proponents listed in table 1 have identified a total of 82 required weather and environmental data elements. In table 1, these data elements are organized along with the most stringent data element accuracy required, based upon all the TRADOC proponents that required that data element (3) . Only the most stringent accuracy requirement is listed for each data element, since satisfying the most stringent accuracy requirement also meets all other accuracy requirements for a particular data element. 
Army Time and Space Scales
Army commanders consider the battlefield area in terms of the time and space necessary to defeat the enemy force or to complete the assigned mission. Time is the first consideration related to a battlefield area. To convert time into space, commanders must consider the unit's mission and capabilities and the maneuverability, terrain, and capabilities of the enemy. The battlefield environment has two distinct areas that can be expressed in terms of time: the Area of Operations (AO) and the Area of Interest (AI). Although the battlefield AO and AI can be expressed in terms of distance (space) and time, it is difficult to be specific about distances, because different types of units travel at different speeds; and while distances may vary, time stays relatively constant. The mission times of the AO and AI for each echelon (tactical level of command) are presented in table 3 (4, 5) .
Meteorological forecasts are keyed to those areas that encompass the AO and AI time horizons. The geographic area covered by the forecast is directly related to the military operations at each tactical level/echelon. The AO and AI mission times listed in table 3 can be used to determine the geographic coverage required for any forecast and each echelon by factoring in distance. After deciding the geographic coverage, the length of the forecast period and the frequency of forecast updates can be determined for each echelon. Generally, a forecast update every 6 to 12 h is sufficient for the first 24-h forecast period. (NOTE: For Battalion and below echelons, the emphasis is more on 3-hourly or hourly updating of the meteorological forecast (i.e., nowcasting).) The recommended forecast periods (length of forecast) of primary intent and for planning, and the frequency of forecast updates, by echelon, are also listed in table 3 (6). 
Army Meteorological Forecast Requirements
As previously mentioned, the Army has no weather and environmental data (forecast or observation) requirements for temporal or spatial resolution; it only has a requirement for accuracy. Thus, the only requirement for temporal/spatial resolution is that the observational/forecast model resolutions provide the required accuracy stated. As long as the accuracy requirement is satisfied, the resolutions necessary to make that happen are not a concern to the Army user. With this idea in mind, various meteorological forecast scales and resolutions were derived that could satisfy the basic Army weather support requirements based on current levels of command (echelons) and on the new, future levels of command (modular force (MF) echelons). This information is presented in tables 4 and 5. Because Army operations span the entire spectrum of meteorological scales and resolutions (encompassing synoptic meteorology and micrometeorology), they are best represented based on Army echelons. Over the next five years, new MF echelons will replace the existing command echelon structure (9) . The new Army MF unit designations are as follows:
• Armies: The Units of Employment (UEy) will become the Army component of a Joint Major Command and will be referred to geographically.
• Corps and Divisions: The Unit of Employment (UEx) will feature three-star and two-star versions; the three-star UEx will be a Corps and the two-star UEx will be a Division.
• Brigades: The Brigades will consist of Brigade Combat Teams (BCT) and Support Brigades. The BCT will be of three types: Heavy, Infantry, and Stryker. The Support Brigades will be organized into five types: Combat Aviation Brigades, Fire Brigades, Battlefield Surveillance Brigades, Combat Support Brigades (Maneuver Enhancement), and Sustainment Brigades.
• Battalions: The Battalions will consist of Constituent Battalions and Special-Troops Battalions for the BCT and Subordinate Battalions for the Support Brigades.
Additionally, the fielding of the Army Future Combat System (FCS) will present unique, hightechnology requirements for weather support and services. The FCS is the catalyst for achieving the Army's Transformation vision of fielding a Future Force by 2010. The mission success of the future Army MF will be extremely dependent on the physical environment and very demanding of weather support.
Conclusions
The Army's tactical weather and environmental data requirements span the scales of time and space from the synoptic scale through the microscale. Approximately 10-20% of the Army tactical weather and environmental requirements fall in the synoptic scale (e.g., Transportation), 70-80% fall in the mesoscale (e.g., Aviation, Engineer, and Field Artillery), and 10% lie in the microscale (e.g., Chemical). Thus, mesoscale numerical forecast models are required to satisfy around 70-80% of the Army's tactical requirements (e.g., Division, Brigade, and Battalion), synoptic-scale forecast models are necessary to satisfy about 10-20% of the requirements (e.g., EAC and Corps), and microscale models are needed to handle the remaining 10% of the requirements (e.g., Platoon and Squad). Most mesoscale-size system features of Army interest can be detected and monitored with an optimal surface observation station separation of no more than about 30 to 35 km (10); and a surface observation rate as often as every 30 min can provide the necessary density of observations required for Army meteorological forecasts (11) .
The optimum approach to satisfying the Army's wide-ranging tactical meteorological data elements and weather support requirements involves using a nested grid forecast (with a scaleable, relocatable window) and nowcast models (covering the synoptic scale, mesoscale, and microscale, as depicted in figure 1) 
